The mantle anisotropic features at the northwestern part of the Iberian Peninsula have been investigated by the shear-wave splitting technique from different temporary array deployments during the last 6 years. Successive seismic transects were instrumented from east to west, to sample areas affected by the Alpine compressional tectonics (Western Pyrenees and Cantabrian Mountains), as well as hinterland parts of the Iberian Variscan belt. A remarkable consistency is found in the retrieved anisotropic parameters throughout the study area, with an average fast velocity direction close to E/W. Delay times up to 1.5 s are observed in most transects, but lower values, not exceeding 1 s are measured at the westernmost part. Although the averaged values are compatible among the different stations, a significant variation of the splitting parameters is observed in each station with respect to the backazimuth direction. This azimuthal dependence denotes a complex distribution at depth of the anisotropic features, and cannot be explained by considering single-layer anisotropic models, either with hexagonal or orthorhombic symmetry systems, and/or dipping axes of symmetry. Synthetic models including two distinct anisotropic layers with an orthorhombic symmetry provide a satisfactory fit. In all the retained models the two layers exhibit different thicknesses; the most prominent contribution to the observed anisotropy comes from a lower layer consistently oriented close to E/W, whereas the thinner second layer, located above, 'modulates' the result, and its anisotropic parameters may change along the transect to account for the observed differences in splitting delay times. The dominant E-W layer throughout could not be associated to major compressional events, as in the westernmost part the Variscan terrains exhibit N-S main lineaments. It may rather correspond to an anisotropic imprint around the lithosphere-asthenosphere transition related to the eastward displacement of the Iberian plate due to the Mesozoic extensional processes during the opening of the North Atlantic and Bay of Biscay domains. The weaker anisotropic layer could be associated either with crustal anisotropic materials, or more likely, to an additional anisotropic signature within the lithosphere led by major Variscan and Alpine orogenic processes.
Introduction
The presence of seismic anisotropy at some levels of the crust and upper mantle is now well established by latter being probably the most popular tool during the last decade. The origin of the anisotropy observed at the upper crust has been related to the presence of cracks oriented at preferential directions (Crampin, 1981) . The maximum delay time induced by this feature has been estimated in 0.2 s, while contributions from metamorphic rocks are also considered to be small (Barruol and Mainprice, 1993) . Therefore, the main contribution to the larger anisotropy usually observed should come from upper mantle levels, where lattice preferred orientation (LPO) of the mantle minerals, in particular of olivine, is the dominant mechanism to produce anisotropy (p.e., Nicolas and Christensen, 1987) , even if some anisotropy related also to LPO could exist in the lower crust (Mainprice and Nicolas, 1989) . Looking for the existence of anisotropy and characterizing its geometry and amplitude could then provide the best tool to investigate the deformation of the upper mantle. However, the processes responsible for the LPO are not unique, and therefore the relationship between anisotropic results and possible deformations in the upper mantle is not straightforward. At zones with active tectonism (mid-ocean ridges, subduction zones) the anisotropic properties tend to be related to the present-day plate movement. At zones without large-scale tectonic activity, two main approaches have been developed to account for the origin of the anisotropy: those that explain the LPO as a result of dynamic flow at the lithosphere-asthenosphere limit or in the asthenospheric mantle, and those that assume an origin of the anisotropy within the lithosphere, which would preserve the structure originated by the last significant tectonic episode that affected the area. With the accumulation of new data and the contribution of dense regional experiments, the complexity of the anisotropy has been further evidenced, and models including multiple anisotropic layers or complex symmetry systems are often required to explain the observations (see p.e. the compilation by Savage, 1999) .
In this contribution we will analyze the observations on anisotropy compiled at the Northern part of the Iberian Peninsula during the last 6 years, in the framework of different Spanish research projects which have collected a large amount of passive seismic data from temporary array deployments. Major aims of these projects include local and regional seismotectonics (López-Fernández et al., 2004; Ruiz et al., 2006a,b) , probing the deep structure by using receiver functions , or the retrieval of anisotropic properties at some specific regions from shear-wave splitting measurements.
In a first stage, two roughly N-S transects were instrumented in the Western Pyrenees and in the eastern part of the Cantabrian Zone. In both regions the outcropping Variscan terranes have been extensively reworked on a lithospheric scale during the Alpine orogeny . First anisotropy results from those deployments were presented by Díaz et al. (2002) and will now be discussed together with those coming from the new data sets gathered in more recent deployments covering the north-westernmost part of Iberia (Fig. 1) . From fall 2002 to spring 2003, portable stations were deployed westwards, along the Cantabrian Zone (CZ) and the West Asturian-Leonese Zone (WALZ), and the anisotropic reconnaissance in N Iberia was completed by another 5 months deployment in the Galicia region of the Central Iberian Zone (CIZ). These last deployments cover the hinterland Variscan domains of N Iberia where there is no evidence of major Alpine rework, and where tectonic lineaments exhibit a dominant N-S direction, contrary to the mainly E-W Variscan signature on lineaments in the Cantabrian zone and the Pyrenees previously investigated. Therefore, the analysis of the whole data sets now available should reveal whether the Variscan orogeny is the major mechanism responsible for the present-day anisotropic pattern.
Tectonic setting
The Northern part of the Iberian Peninsula has suffered a complex tectonic history, being affected by the Variscan and Alpine convergences, separated by a large Mesozoic extensional episode. The Variscan orogeny started with the closure of the Rheic Ocean and the collision between Laurentia and the continental margin of Gondwana at the end of the Carboniferous (Matte, 1986 (Matte, , 1991 , which contributed to the building of Pangea. The geological trends of this orogen show an arched pattern (Ibero-Armorican arch) with an overall E-verging structure, from the hinterland areas in the West (Iberian Massif) to the most external unit, the Cantabrian Zone to the East (Julivert et al., 1980; Pérez-Estaún et al., 1988; Matte, 1991) .
Later on, the area was reworked by a large extensional period related to the opening of the North Atlantic Ocean and the Bay of Biscay, that started at chron M0 (118 Ma) and continued until chron A33 (80 Ma) (Sibuet et al., 2004) . The opening of the Bay of Biscay, with an approximate N-S direction, resulted in the formation of large sedimentary basins and gave rise to the individualization of Iberia as a subplate. Most of the Cretaceous continental extension took place in a regional transtensional regime related to the left-lateral drift of the Iberian Peninsula with respect to Eurasia (Olivet, 1996; Rosenbaum et al., 2002; Srivastava et al., 1990) . The opening of the North Atlantic Ocean resulted in a relative plate motion of Eurasia relative to North America oriented N108E, with a velocity of 2.2 cm/year.
Finally, the Alpine orogeny, as a result of the convergence between Iberia and Eurasia built up the doubly vergent Pyrenean-Cantabrian mountain belt and produced a displacement in the plate boundary, which jumped to the North Spanish Trough. The deformation was not coeval, beginning in the Late Cretaceous at the eastern Pyrenees (Vergés et al., 1995) . The onset of deformation in the Cantabrian continental margin started on mid to Late Eocene and the present Cantabrian Mountains developed in Eocene to Miocene times (Gallastegui et al., 2002) . The involved shortening has been evaluated between 150 km in central Pyrenees (Choukroune, 1989; Muñoz, 1992) to 75 km in the west central Pyrenees (Séguret and Daignières, 1986; Teixell, 1998) , while in the Cantabrian Mountains and continental margin net shortening reaches almost 100 km (Gallastegui et al., 2002; Pedreira et al., 2003) .
The main structural units in the western end of the Pyrenean Chain are the Paleozoic Massifs of the axial zone, located in the central part and bordered by the North and South Pyrenean zones, corresponding to Mesozoic and Cenozoic units overthrusting the Tertiary Aquitaine and Ebro foreland basins (Fig. 1) . Moving to the West, the Cantabrian Mountains are constituted by two zones: the Basque-Cantabrian Basin, an inverted large Mesozoic basin resulting from extensional regime associated to the opening of the Bay of Biscay, and the Asturian Massif, which represents a Paleozoic basement block uplifted along a major basement thrust (Alonso et al., 1996) The Iberian Variscan Belt in NW Spain constitutes an ancient continental margin involved in the Variscan collision (Matte, 1986 (Matte, , 1991 , with a well established zonation, based on structural, metamorphic and paleogeographic differences, between the foreland in the East to the hinterland areas in the West (Julivert et al., 1972; Farias et al., 1987) . The Cantabrian Zone corresponds to the foreland thrust and fold belt of the Variscan chain and is characterized by thin-skinned tectonics and a rather tight arcuate trend (Pérez-Estaún et al., 1988 . The hinterland zones are located immediately westwards, and its first unit is the WALZ, interpreted as a transitional area, with westward increasing metamorphism and internal deformation (Martínez Catalán et al., 1990) . Finally, the western end of northern Iberia is covered by the Central Iberian Zone, corresponding to the most internal units of the Variscan orogeny (Fig. 1) .
Data acquisition and anisotropic parameters retrieval
Here, we analyze data from different acquisition experiments carried out in the northern part of Iberia between 1999 and 2003 (Fig. 1) . The first deployment (referred from now on as WPyr) samples a N-S/NE-SW transect at the western end of the Pyrenees, extending from the wedge of the Iberian Chain to the axial zone of the Pyrenees, and was operational during a total of 15 months in two different periods. The second deployment delineates a N-S transect along the eastern part of the Cantabrian Zone (ECZ), and was active during a 9 month period. These two transects were instrumented using six seismic stations equipped with Lennartz seismometers (Le20s and Le5s), with flat velocity response electronically broadened up to periods of 20 and 5 s, respectively.
In a later experiment, two additional transects were deployed, one of them along a N-S transect located at the West Asturian-Leonese Zone (NS-WALZ), and the second along an E-W profile connecting the WALZ and the ECZ transects (EW-Ast). In this case a total of 12 stations, all of them equipped with Le20s seismometers, were installed for a period of about 9 months between summer 2002 and spring 2003. Finally, the Central Iberian Zone (CIZ) at the NW edge of Iberia was investigated by a network of eight stations with Le20s seismometers over the Galicia region for a period of 5 months during summer 2003.
In all cases, data were recorded continuously at a rate of 50 samples per second. Teleseismic events with reported magnitudes 5.5 or higher were inspected visually to identify high-quality shear wave signals, including SKS, SKKS and PKS phases. The data were filtered before analysis using a zero-phase band-pass with typical band-pass frequency ranges of 0.01-0.2 Hz. Only events with good signal-to-noise ratio, clear phase identification and signal-to-noise ratio higher than 3 have been retained (Table 1) .
In a first step, the data were interpreted assuming the usual hypothesis of waves propagating across a single layer of anisotropic material with hexagonal symmetry and horizontal symmetry axis, located over an isotropic half-space. The presence of anisotropy in the zone sampled by the ray will produce the splitting of the incoming shear wave into two orthogonally polarized waves separated by a time delay (δt), resulting in the observation of elliptical polarization at the horizontal plane. Therefore, the observation of such polarization is interpreted as evidence of anisotropy and the observed δt provides a measure of the anisotropy degree. The use of SKS, For each measurement, the backazimuth, distance, fast velocity direction, delay time, phase and quality factor are showed.
SKKS and PKS waves assures that the anisotropy zone must be located beneath the receiver, as the propagation as P wave across the external core will remove the effect of possible source-side anisotropy. If the signal is projected into the coordinate system formed by the principal axis of symmetry of the anisotropic system, the two quasi-shear waves will appear as identical wavelets, separated by a certain δt. Hence, to measure the anisotropic parameters, a grid search is done by projecting the horizontal components in different coordinate system orientations (every 5 • ) and displacing them by 0.01 s time intervals. The fitting of the two horizontal waveforms is quantified in each case using their correlation coefficient. The coordinate system and delay time which provide the best adjustment defines the anisotropic parameters. Only when the transverse energy can be significantly removed, as verified in the particle motion diagrams, the measurement is retained. Examples of this procedure for two stations at the ECZ and CIZ deployments are presented at Fig. 2 .
We have observed that this requirement may not be well constrained just by the correlation coefficient, because in cases of relatively noisy signals, small changes in the time interval where the signals are correlated, as well as changes in the band pass filter applied to the data, result in significant variations in the retrieved anisotropic values. Therefore, we prefer to assign a quality factor to each measurement that takes into account all these facts. The obtained measurements are qualified in three groups (poor, fair and good). However, to avoid misinterpretations due to poor quality data, only measurements qualified as 'good' or 'fair' have been retained in the subsequent analysis. 'Good' quality measurements are robust and their fast velocity direction uncertainties can be estimated in ±5 • . 'Fair' quality measurements are also well constrained during the grid search but are less robust when different band-pass filters and correlation time windows are tested. Its uncertainty may be estimated in ±10 • . This led to 15 events and 47 individual measurements in the WPyr transect, 14 events and 58 measurements in the ECZ transect, 13 events and 61 measurements in the NS-WALZ and EW-Ast transects and 9 events and 38 measurements in the CIZ deployment.
Splitting measurement results
The measured anisotropy parameters for the different stations in all deployments are presented on Table 2 . The results are summarized on Table 3 , which shows the number of measurements for each station together with the mean value, standard deviation and range of variation of the fast velocity direction φ and the induced delay time δt. The obtained results provide a continuous image of the anisotropic properties beneath the northern part of the Iberian Peninsula, along a major transect from the Atlantic coast to the Pyrenean range. Main parameters for representative stations are displayed in Fig. 3 .
The first-order result is a remarkable consistency of the average fast directions observed for all the stations at the different deployments. A large majority of stations have average φ values lying between N90 • E and N100 • E. Concerning the induced delay times, the results are also similar, without any station exceeding an average delay time of 1.5 s. However, it should be noted that stations on the Variscan units, and in particular those deployed over the Central Iberian Zone, show mean δt values consistently lower than those in the ECZ and WPyr transects. Moreover, at some of the former stations, few good quality events show no evidence of splitting, providing 'null' measurements. Another important observation is the significant spread in the fast velocity directions for different events in each station, with standard deviations reaching more than 20 • in many sites. The range of variation of the measured φ at a single station is usually as large as 50-70 • and cannot be justified by uncertainties within the interpretation procedure, as illustrated by the example of Fig. 4 . Upper panels show the appropriate fitting obtained in the projections to the fast and slow directions when using the values determined for two different events recorded by the same station. Lower panels show, for each event, the effect of using the anisotropic parameters inferred for the other event: in this case the fitting becomes quite poor. The mean δt also shows a significant spread, ranging from few tens of a second to 1.5 s for the W-Pyr and ECZ transects and up to 1.0 s for the Variscan units.
We have then investigated whether this spread shows any systematic azimuthal dependence. We plotted φ and δt as a function of the backazimuth of the events and, as shown in Fig. 5 , a clear increase of φ with backazimuth is observed, especially at the first quadrant that holds most of the available data. It is important to note that this azimuthal dependence is found in the whole investigated area, from the NW corner of Iberia to the western Pyrenees. Such dependence is not expected under the assumed hypothesis of a single layer of anisotropic material with hexagonal symmetry and horizontal symmetry axis. Local heterogeneities beneath the station could also explain the presence of some azimuthal dependence of the splitting parameters but they seem hardly compatible with the rather uniform increase of φ with backazimuth. The fact that this dependence is observed in all the stations, located at different tectonic units, is also inconsistent with an origin related to heterogeneities. Hence, alternative models with more complex anisotropic systems, including orthorhombic symmetry, dipping axis of symmetry or multiple layers of anisotropy should be considered.
Testing alternative anisotropic models
Firstly, we explored models with a single anisotropic layer with orthorhombic symmetry and arbitrary tilt of the symmetry axis, using the 'Splitting Modeler' code package (Menke, 2000) . We assumed an anisotropic medium consisting of 30% orthorhombic olivine and 70% isotropic olivine, a realistic mixture that is about 6% anisotropic for shear waves (Levin et al., 1999) . In this case, regardless of the tilt of the symmetry axis, we obtained φ values that remain quite close to the reference (average) value everywhere except at the singular points (every 90 • ). This pattern clearly does not explain the progressive φ variations observed in our case.
In the next step, we assumed the presence of two distinct anisotropic layers. In this case, the result of the propagation of a shear wave through the anisotropic media is more complex. The incident wave will split into two quasi-shear waves when propagating though the deeper anisotropic layer, and each of those wavelets will split again when entering into the second layer. Hence, the procedure to retrieve the anisotropic parameters (φ, δt) lacks physical significance, although Silver and Savage (1994) have shown that the resulting apparent splitting parameters are meaningful quantities that display azimuthally dependent variations. If those apparent parameters could be measured along a significant azimuthal range, the anisotropic parameters of each of the layers can then be inverted.
To interpret our dataset, we use again the 'Splitting Modeller' package, with a model with the same mineral mixture previously described including now two anisotropic layers with orthorhombic symmetry and horizontal symmetry axis located beneath an isotropic crust. The mean value of the fast velocity direction for our whole dataset is not far from E/W. Therefore, after some preliminary tests covering the full range of azimuths, we performed a grid search over a parameter space where the dominant layer can vary between N70E and N140E, with thicknesses ranging between 100 and 160 km, while the second layer is allowed to vary between N10W and N130E, with thicknesses ranging between 40 and 100 km. The relative position between the two layers is allowed to change. We retained the models that for each station best fit both the δt and φ variations observed, especially the marked differences in φ for events around 80 • and 350 • and the gently increasing slope for backazimuths between 20 • and 60 • . The procedure does not provide a unique solution, but some major patterns could be constrained. For the stations located at the Central Iberian Zone and the WALZ, the best fitting model consist of an upper layer with a FVD oriented N10W and 60 km thick, over a lower layer with a N90E FVD and a thickness of 140 km. The orientation of the dominant layer is well resolved, while that of the thin layer is loosely constrained, but lies not far from N/S. Models with similar anisotropic properties but an alternate order of the layers can provide an appropriate adjustment for the FVD but fail to fit the δt observations. In the eastern part of the study area, the preferred model is composed by an upper layer oriented N130E with a thickness of 100 km and a lower layer oriented N80E and 140 km thick. As for the previous case, models with similar anisotropic parameters but with a reverse sequence can not be excluded. Fig. 6 summarizes the fitting between the observed φ and δt parameters and the retained model, for relevant stations along the major E-W transect covering North Iberia.
We have not explored in these retained models the influence of considering dipping layers, or different sym- Fig. 6 . Fitting between our φ and δt results and those derived from the two-layer model retained for representative stations of each transect. metry systems, because as stated by Levin et al. (1999) differences between orthorhombic and hexagonal models, as well as the variations induced by tilting of the symmetry axis are only significant nearby the discontinuity points. Hence, extensive back-azimuth coverage is needed to try to discern between them.
Discussion
The most consistent elements of our retained models are the presence of two anisotropic layers of different thicknesses. The lower level layer, with a FVD oriented close to E/W throughout the northern part of Iberia, is the most prominent one. The upper level layer is thinner and its properties vary between the eastern and western sections of the transect, explaining the differences observed in δt.
The dominant E/W anisotropic layer is unlikely to be associated to asthenospheric dynamic flow related to present-day absolute plate motion (APM) of Eurasia. The HS3-NUVEL1A model (Gripp and Gordon, 2002) , predicts a slow plate velocity of 1.9 cm/year with a rough NE-SW direction, significantly different from the dominant FVD observed.
On the other hand, this E-W dominant layer could be interpreted as 'frozen-in' anisotropy in the lower lithosphere, related to the most relevant orogenic process in the area. In the western Pyrenees and the Cantabrian Mountains a similar E-W structural direction may arise from either Variscan or Alpine tectonic episodes (Barruol et al., 1998; Díaz et al., 2002) . Results obtained at stations located at the central, axial zones greatly affected by the Alpine compression are very similar to those derived from stations located at more external domains, much less involved in this orogeny. This fact seems to favor the explanation of the dominant anisotropic direction as a signature of the widespread Variscan tectonics in North Iberia. However, if this Variscan hypothesis is assumed, then the expected dominant anisotropic direction at the WALZ and at the Central Iberian Zone in Galicia should be N/S, according to their dominant tectonic lineaments. However, our new results show again E/W fast velocity directions at those tectonic domains, as for the previous transects eastwards, and therefore make unlikely this Variscan explanation.
Alternatively to prominent anisotropy being related to Variscan or Alpine compressional events, the largescale Mesozoic extensional event in-between could be at the origin of the E/W anisotropy layer found throughout the northern Iberian Peninsula. The opening of North Atlantic Ocean and Bay of Biscay resulted in dominant spreading directions oriented roughly E/W and N/S, respectively (Sibuet et al., 2004) . During the Cretaceous, this extensional episode generated a leftlateral shift of Iberia with respect to Eurasia. The extent of this deformation varies in the different geodynamic models considered (Olivet, 1996; Rosenbaum et al., 2002; Srivastava et al., 1990) , but in any case it constitutes a major transtensional regime and, as such, may have led to a significant anisotropic imprint around the lithosphere-asthenosphere transition. A similar explanation has been proposed by Barruol et al. (2004) to account for the anisotropy observations in SE of France, which they relate to the lateral, extensional movements of the Corsica-Sardinia block. The overall E/W fast velocity direction observed throughout North Iberia could therefore be related to the displacement of the Iberian plate due to the extensional processes in the North Atlantic and Bay of Biscay domains. Such kind of anisotropy is compatible with other SKS splitting results previously obtained in the Iberian Peninsula. Díaz et al. (1998) , using data from the NARS temporary array deployed over Iberia, reported FVD directions oriented roughly E/W at sites covering the Iberian Massif of center Iberia. More recently, Schmid et al. (2002) , in a compilation of shear-wave splitting results in the Mediterranean region, reported also FVD directions for permanent stations at the Central Iberian Zone. Their results are located S of the region here investigated, with a mean direction close to E/W, showing, as in our work, a significant spread in the results. They explained this anisotropy by a simple asthenospheric flow model. Barruol et al. (1998) reported a mean φ = N100 • E and δt = 1.5 s throughout the whole Pyrenean belt. Their results are consistent with the measurements here presented and allow to extend the northern Iberia transect to the Mediterranean Sea. In their interpretation, the anisotropy was associated to the imprint of the Hercynian and Alpine tectonics, both with a similar E/W orientation in that area, and therefore hard to be differentiated by SKS splitting.
Our two-layered models include an isotropic crust over the anisotropic lithospheric layers. At present we cannot exclude the presence of crustal anisotropy that would in that case overprint the contribution of the weaker anisotropic layer. Additional constraints could be provided by an analysis of receiver function data in terms of anisotropy we expect to develop in the near future. However, such possible crustal contribution would have a more minor effect than our modeled weaker anisotropy layer and, therefore, a subcrustal anisotropy level is still be required to explain the data. This layer can be interpreted as a signature of the major orogenic processes, and the differences in FVD inferred between the western data set (N10W) and the eastern one (N130E) could be attributed to the Variscan directions in the hinterland part of the Variscan Belt, and to the Variscan plus Alpine directions in the Cantabrian Mountains and Pyrenees.
Conclusions
Seismic anisotropy has been evidenced from shearwave splitting analysis throughout the Northern part of the Iberian Peninsula, from the western Pyrenees to the most hinterland parts of the Variscan belt, showing consistently an average fast velocity direction close to E-W. Delay times up to 1.5 s are observed in most transects, but lower values, not exceeding 1 s are measured at the westernmost part, in the Iberian Massif.
Additionally, an azimuthal dependence of the splitting parameters is also well established, denoting a complex distribution at depth of the anisotropic features. The observations are not supported by considering singlelayer models, either with hexagonal or orthorhombic symmetry systems, and/or dipping axes of symmetry. Two-layer anisotropic models with an orthorhombic symmetry system explain satisfactorily the observed patterns both in the φ/backazimuth variation and in the overall δt values, even if some of the anisotropic parameters are loosely constrained from the available data set.
In all the retained models the two layers exhibit different thicknesses. The most prominent contribution to the observed anisotropy comes from a layer consistently oriented close to E/W, whereas the thinner second layer 'modulates' the result. The fast direction of the latter has been interpreted to change along the transect, which may account for the differences in δt observed between the eastern and western part of the study area. The relative position of these two layers is not fully constrained but models with dominant anisotropy at the lower level seem to provide an enhanced fitting.
The previous anisotropy measurements in the northern part of Iberia were limited to the Pyrenean belt (Barruol et al., 1998) , where it is difficult to establish the origin of the anisotropy, as the Hercynian and Alpine structures, as well as the dominant extensional direction have a roughly parallel E-W trend. In this study we have shown that the Hercynian orogeny cannot be the main deformation event responsible for the anisotropy observed in northern Iberia, as the mean FVD measured at the CIZ is far from the N/S direction of the Hercynian structures in this zone. The dominant E-W anisotropic layer throughout North Iberia may correspond to an anisotropic imprint around the lithosphere-asthenosphere transition related to the eastward displacement of the Iberian plate due to the Mesozoic extensional processes in the North Atlantic and Bay of Biscay domains. The weaker anisotropic layer on top could likely be associated to an additional anisotropic signature within the lithosphere led by major Variscan and Alpine orogenic processes, with a possible minor contribution of crustal anisotropy.
